Abstract. Aquaporin 5 (AQP-5) is a water channel protein that is closely associated with non-small cell lung cancer tissues. The present study aimed to investigate the mechanism of tanshinol treatment on AQP-5 in the lung tissue of rats with sepsis. Animals in a rat sepsis model were randomly divided into six groups including blank control (ctrl), sham operation (SO), model (sepsis), low dose tanshinol (5 mg/kg/day; Tan-L), moderate dose tanshinol (10 mg/kg/day; Tan-M) and high dose tanshinol (20 mg/kg/day; Tan-H) groups. After 7 days of administration, the expression level of AQP-5 mRNA was detected by reverse transcription-quantitative polymerase chain reaction. The levels of interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α) were measured by ELISA. Hematoxylin and eosin staining was used for histopathological observation. The expression levels of AQP-5, P38 and phosphorylated (P)-P38 protein in lung tissues were detected by western blot analysis. The expression levels of AQP-5 in the sepsis group were significantly decreased compared with those in ctrl and SO groups (P<0.01), while the levels of TNF-α, IL-6 and p-P38 were significantly increased in sepsis group compared with those in ctrl and SO groups (P<0.01). Following tanshinol intervention, the expression levels of AQP-5 were significantly increased, while the levels of TNF-α, IL-6 and p-P38 were decreased compared with those in sepsis group. Tanshinol may upregulate the expression of AQP-5 by inhibiting the inflammatory cytokines and phosphorylation of P38, therefore protecting the lung tissue of rats with sepsis.
Introduction
Sepsis is defined as a systemic inflammatory response syndrome with a demonstrated infectious etiology, of which the incidence is increasing (1) (2) (3) . Severe sepsis may lead to organ dysfunction or tissue hypoperfusion (4) , resulting in an unacceptably high mortality rate (5) . Previous studies have established that the presently available therapeutics remain intractable and the mortality rate of sepsis remains high (5) . A number of treatment methods, including low-dose hydrocortisone treatment and early goal-directed treatment, have been developed to increase the survival rate of the patients with sepsis (6,7). However, corresponding observational studies have demonstrated that these aforementioned treatment methods failed to decrease mortality rates (8, 9) . In addition, it was demonstrated that complications associated with the lungs (e.g., pneumonia, empyema, pleural effusion) often result in a high mortality rate in sepsis (4, 5) . It would therefore be of great clinical value to identify novel drugs for the treatment of sepsis. It has previously been established that Salvia miltiorrhiza Bunge is widely used in Traditional Chinese Medicine for the treatment of cardiovascular disease, and tanshinol extracted from S. miltiorrhiza Bunge has been identified to be the primary active component (10) . Tanshinol has now been widely applied in various human diseases including cancer (11) , chronic kidney disease (12) and heart disease (13) . Previous data have demonstrated that tanshinol may decrease oxidative stress to avoid deleterious effects on tissue (14) . It also has been suggested that tanshinol may protect injured tissues resulting from various causes such as ischemia reperfusion and immune injury, by inhibiting the inflammatory response via different signaling pathways such as protein kinase B/nuclear factor k and macrophage-stimulating 1/forkhead box O3 (15, 16) . Therefore, the antioxidant effects of tanshinol are promising (14) . Furthermore, patients with sepsis suffer from severe oxidative stress (17) . Consequently, it may be hypothesized that tanshinol may also exhibit protective roles in sepsis. However, the efficiency of tanshinol in sepsis, to the best of our knowledge, has not yet been described.
Aquaporin 5 (AQP-5) is a small water channel membrane protein that is associated with the major intrinsic protein such as p38 (18) . Traditionally, AQP-5 is primarily expressed in a number of cell types, including large airway epithelia, Tanshinol upregulates the expression of aquaporin 5 in lung tissue of rats with sepsis acinar epithelial cells and type I alveolar epithelial cell apical membrane (19, 20) . It was demonstrated that AQP-5 knockout may reduce the volume of liquid secreted from the upper airways, leading to the increased protein and salt concentration (21) . Previous studies have demonstrated that AQP-5 may serve pivotal roles in a number of physiological processes and the development of various human diseases, including airway hyper-responsiveness, lung infection and acute lung injury (22) (23) (24) . The expression level of AQP-5 is usually decreased following infection (23) , and the deletion of AQP-5 may aggravate injury (25) , indicating the important role of AQP-5 in the development of infection following injury. Direito et al (26) demonstrated that AQP-5 may be defined as a promising drug target and as a novel biomarker for cancer aggressiveness, with a high translational potential for therapeutics and diagnostics.
In the present study, the effects of tanshinol on the expression of AQP-5 were investigated and the possible mechanism was also explored.
Materials and methods

Animals.
A total of 120 healthy male Sprague Dawley (SD) rats weighing from 200-230 g were purchased from Jinan Pengyue Experimental Animal Breeding Co., Ltd. (Jinan, China). All the rats were reared in specific-pathogen-free environment (22-25˚C, 40-50% humidity, 12 h light and dark cycle) with access to food and water ad libitum. The permission for all animal experiments was obtained from the Animal Ethics Committee of Qilu Hospital of Shandong University (Jinan, China).
Sepsis model. The sepsis model was established by cecal ligation and puncture (CLP). Surgical anesthesia was performed by intraperitoneal (IP) injection of 3% pentobarbibal (Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, China) at a dose of 50 mg/kg. A 3-cm midline incision was made under sterile conditions; muscle layers were separated along the ventral white line and the peritoneum was cut to reach the abdominal cavity. The mesentery and cecum were separated and the cecum was ligated by surgical thread. The ligation end was punctured with a needle to release a small amount of stool. The intestine was then placed back, peritoneum and skin were sutured and the wound was disinfected.
Animal grouping. The experimental animals were randomly divided into six groups, including blank control (ctrl), sham operation (SO), model (sepsis), low dose tanshinol treatment (Tan-L), moderate dose tanshinol treatment (Tan-M) and high dose tanshinol treatment (Tan-H) groups. There were 20 rats in each group. Cecal ligation and puncture (CLP) was not performed in the ctrl group. Rats in the SO group were anesthetized, a 1 cm incision was made along the abdomen middle line; the cecum was then removed and returned after 2 min and the abdomen was then closed. The rats in Tans-L, Tans-M and Tans-H groups were treated once a day with intragastric administration using 5, 10 and 20 mg/kg tanshinol carboxymethyl cellulose-sodium (CMC-Na) suspension respectively, while 0.5% CMC-Na solution was used for rats in the remaining groups for 7 days. The mortality rate of the rats was observed and calculated every day for 7 days. The survival rate was expressed as a percentage compared to the ctrl group. Rats were anesthetized by IP injection of 3% pentobarbibal at a dose of 50 mg/kg prior to the rats being sacrificed by cervical dislocation. Two sections of the lung tissues were collected from each animal; one was fixed in 10% buffered formalin at 4˚C for 24 h, and the other was maintained at -80˚C.
RT-qPCR. Total RNA was extracted from lung tissue by TRIzol ® (Life Technologies; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. Reverse transcription was performed using PrimeScript RT reagent kit (42˚C for 15 min, 85˚C for 5 sec) with DNA Eraser (Takara Biotechnology, Co. Ltd., Dalian, China). The level of AQP-5 mRNA was detected by RT-PCR with β-actin as the endogenous control. PCR quantitative analysis was performed with CFX96 Real Time PCR detection system (Bio Rad Laboratories, Inc., Hercules, CA, USA) with SYBR green І dye detection kit (Takara Biotechnology, Co. Ltd.). The following primers were used: 5'-TGG GTC TTC TGG GTA GGG CCT ATT GT-3' (sense) and 5'-GCC GGC TTT GGC ACT TGA GAT ACT-3' (anti-sense) for AQP-5; 5'-ATC ATG TTT GAG ACC TTC AACA-3' (sense) and 5'-CAT CTC TTG CTC GAA GTC CA-3' (anti-sense) for β-actin. PCR was performed as follows: 94˚C pre-denaturation for 1 min, followed by 40 cycles of 94˚C for 20 sec, 55˚C for 20 sec and 72˚C for 20 sec. Quantification was performed by normalizing the cycle threshold values to those of β-actin and analyzing results using the 2 -ΔΔCq method (27) . The results of the experiment are the average of the three repeated samples.
ELISA. The supernatants were collected from the rat lung tissue homogenate, and the respective TNF-α (catalog no. ELR-TNFa-CL-5) and IL-6 (catalog no. ELR-IL6-2) ELISA kits (RayBiotech Inc., Norcross, GA, USA) were used. Optical density values (OD values) were read using an ELISA plate scanner (KHB ST-360; Shanghai Danding Company, China) at 490 nm. The results of the experiment are the average of the three repeated samples.
Hematoxylin and eosin staining. The fixed lung tissue samples were dehydrated, embedded in paraffin and sliced (4 µm). Subsequent to dewaxing with xylene, hydration was performed using a series of graded concentrations of ethanol (100% ethanol for 5 min, 95% ethanol for 1 min, 80% ethanol for 5 min, 75% ethanol for 5 min and distilled water for 2 min) at room temperature. Then stained with hematoxylin and eosin at room temperature for 12 min. The sections were observed with an optical microscope (magnification, x100).
Western blot analysis. A total of 0.2 g of lung tissue with 1.8 ml 0.9% of saline was obtained, chopped, centrifuged at 5,000 x g for 10 min at 4˚C and the supernatant of homogenized lung tissue was obtained. The concentration of protein was measured by bicinchoninic acid assay (BCA). Protein samples (40 µg) were separated via 10% SDS-PAGE and transferred to a polyvinylidene fluoride membrane. The membrane was washed and blocked with TBS containing Tween-20 (TBST) solution and 5% skimmed milk powder. The primary antibodies against AQP-5 (1:1,200, catalog no. orb48020), p-P38 (1:1,500, catalog no. orb128324), P38 (1:12,00, catalog no. orb338949) and β-actin (1:2,000, catalog no. orb178392) (all Biorbyt Ltd., Cambridge, UK) were diluted with TBST solution containing 3% bovine serum albumin (catalog no. orb334844, Biorbyt Ltd., Cambridge, UK). The membrane was incubated with the primary antibodies at 4˚C overnight. The membrane was washed with TBST, and the horseradish peroxidase-conjugated secondary antibody (1:5,000, catalog no. orb345943, Biorbyt Ltd.) was diluted with PBS and incubated with the membrane for 1 h at room temperature. Subsequent to washing with TBST, the membrane was exposed to X-ray films (Light Labs Inc., Dallas, TX, USA) for color development with electrochemiluminescence Prime Western Blotting Detection reagent (Thermo Fisher Scientific, Inc.). Image J 2.1 software (National Institutes of Health, Bethesda, MD, USA) was used to analyze the results. β-actin was used as an endogenous control. The results of the experiment are the average of the three repeated samples.
Statistical analysis. Statistical analysis was performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA) statistical software. All data are presented as mean ± standard deviation. Multiple comparisons were evaluated by one-way analysis of variance followed by Dunnett's post-hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
Survival rates of rats in each group. The mortalities of rats in each group are summarized in Table I . No mortalities in the ctrl group and only 1 mortality in the SO group were identified in all the 20 rats, while only 5 rats were left in sepsis group at the fourth day following surgery. Compared with the model group, the survival rates were increased in rats of Tan-L, Tan-M and Tan-H groups following treatment with the different doses of tanshinol, indicating that tanshinol treatment may significantly increase the survival rate of rats with sepsis.
Tanshinol upregulates the mRNA expression of AQP-5 in rats with sepsis. The mRNA expression level of AQP-5 in the sepsis group was significantly decreased compared with that in the ctrl and SO groups (P<0.01). Compared with the sepsis group, the mRNA expression level of AQP-5 was significantly increased in a dose-dependent manner following treatment with tanshinol (P<0.05; Fig. 1 ), indicating that treatment with tanshinol may increase the mRNA expression level of AQP-5.
Tanshinol decreases the levels of proinflammatory cytokines in rats with sepsis.
Compared with the ctrl group, the levels of TNF-α and IL-6 in the sepsis group were significantly increased (P<0.01; Fig. 2) . Compared with the sepsis group, the concentration of TNF-α and IL-6 in rats with sepsis was significantly decreased following treatment with tanshinol in a dose-dependent manner. These data suggests that tanshinol may decrease the increased levels of TNF-α and IL-6 caused by sepsis.
Tanshinol protects the lung tissue of rats with sepsis. As indicated in Fig. 3 , the bronchial epithelium of the lung tissues in the ctrl and SO groups were intact. As indicated in Fig. 3A and B, it was without inflammatory cell infiltration, hemorrhage and edema in lung tissue. As shown Table I . Survival rates of the rats in each group. in Fig. 3C , hyperplasia of lung tissue, degeneration of some bronchial epithelium, infiltration of neutrophils in the lung and bronchus, and focal hemorrhage were identified in the rats of sepsis group. As shown in Fig. 3D-F , pulmonary interstitial hyperplasia, neutrophil infiltration in lung tissue and bronchus, bleeding and edema were improved significantly following treatment with tanshinol in dose-dependent manner.
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Tanshinol regulates the expression of AQP-5, P38 and p-P38
in lung tissue of rats with sepsis. The expression of the AQP-5 protein was detected by western blot analysis. The expression of the AQP-5 protein was significantly inhibited in the sepsis group compared with that in the ctrl or the SO group (P<0.01), while the expression of AQP-5 protein was significantly increased compared with the sepsis group, following treatment with tanshinol in a dose-dependent manner (Fig. 4A) . The phosphorylation level of P38 was also detected by western blot analysis. The phosphorylation of P38 in the lung tissue of rats in the sepsis group was significantly increased compared with that of the ctrl and SO groups (P<0.01; Fig. 4B ). Compared with the sepsis group, the P-P38:P38 ratio in the treatment with tanshinol groups was significantly decreased (P<0.05; Fig. 4B ). These data suggests that tanshinol may regulate the expression of AQP-5, P38 and p-P38 at the protein level.
Discussion
As the primary active component of the Traditional Chinese Medicine compound S. miltiorrhiza Bunge, tanshinol has been widely used in clinical practice for the treatment of various human diseases (for example, arteriosclerosis, myocardial ischemia) in order to provide a more favorable patient outcome (10) (11) (12) (13) . The present study verified that the efficiency of tanshinol on treatment with sepsis was confirmed with the establishment of rat sepsis model by CLP. It has been previously established that sepsis, which may lead to organ dysfunction or tissue hypoperfusion, is a major health problem due to its difficulty to cure and is strongly associated with high mortality and morbidity (5) . Previously, a number of treatment modalities such as continuous blood purification (3) and physical therapy (28) have been used to increase the survival rate of patients with sepsis. However, the majority of treatment methods for sepsis have been demonstrated to be non-effective in decreasing the mortality rate by observational studies (8, 9) . Therefore, early diagnoses and identification of efficient therapies for sepsis are integral to resolving these problems.
The results of the present study demonstrated that the application of tanshinol in the treatment of sepsis elevates the survival rates of rats. Furthermore, histopathological examination revealed that pulmonary interstitial hyperplasia, neutrophil infiltration of lung tissue and bronchus, bleeding and edema were improved significantly following treatment with tanshinol. These data suggested that tanshinol exerts high efficiency on the treatment of sepsis and it is worth consideration as a treatment modality in clinical practice.
Previous studies have indicated that tanshinol may decrease the toxic effects of oxidative stresses, which in turn protects the cells from injury caused by oxidative stress and improves the ability of the body to inhibit toxicity and repair damaged cells (14, 17) . In addition, sepsis is markedly associated with AQP-5, the water channel membrane protein, which has been established to serve pivotal roles in various human diseases (22) (23) (24) . Consistent with previous studies, the present study demonstrated that the expression level of AQP-5 was decreased following infection (23, 25) , indicating that AQP-5 is involved in the physiological changes caused by infection. Consistent results were identified in the present study with the mRNA and protein levels of AQP-5 being demonstrated to be significantly decreased in the rats belonging to the sepsis group when compared with rats of the ctrl and SO groups. Following treatment with tanshinol in a dose-dependent manner, the mRNA and protein levels of AQP-5 in rats with sepsis were increased, indicating that tanshinol may induce the expression of AQP-5. A previous study suggested that in sepsis, bacterial toxins cause the release of cytokines and the activation of mediator systems (29) . TNF-α and IL-6 are two proinflammatory cytokines that may promote systemic inflammation (30) . In the present study, the levels of TNF-α and IL-6 in the sepsis model group were significantly increased compared with that of the control group, indicating the inflammation response was as a result of sepsis. However, when compared with the sepsis group, the levels of TNF-α and IL-6 in the rats with sepsis were significantly decreased following treatment with tanshinol in a dose-dependent manner. Therefore, the results of the present study suggest that tanshinol may protect injured tissue and inhibit systemic inflammation by upregulating AQP-5 and downregulating proinflammatory cytokines including TNF-α and IL-6. Therefore, tanshinol may decrease the production of cytokines caused by sepsis in immune systems.
To fully explore the mechanism of the efficiency of tanshinol on sepsis, the present study demonstrated that tanshinol exhibits protective effects by upregulating AQP-5 and downregulating the proinflammatory cytokines that are associated with mitogen-activated protein kinase signaling pathway. P38, as a mitogen-activated protein kinase that is responsive to stress stimuli, serves a pivotal role in the response to infection (31, 32) . The P38 signaling pathway may be activated by phosphorylation to form p-P38 following infection (32) . Consequently, the results of the present study revealed that the level of p-P38 in the sepsis group was significantly increased compared with that in the ctrl and SO groups, indicating that the P38 signaling pathway was activated. Following treatment with tanshinol, the p-P38:P38 ratio of rats with sepsis was significantly decreased. These data suggested that sepsis may activate the P38 signaling pathway by phosphorylation, while downregulation of the proinflammatory cytokines by tanshinol may inhibit the activated P38 caused by sepsis. Taken together, tanshinol regulates the expression of AQP-5 in sepsis by downregulating the proinflammatory cytokines TNF-α and IL-6 through the P38 signaling pathway in sepsis.
In conclusion, the effect of tanshinol on the expression of AQP-5 in the lung tissue of rats with sepsis was investigated through the establishment of a sepsis model by CLP. In the present study, an experimental model of sepsis was used to examine the effects of tanshinol to prevent sepsis-induced damage to lung tissue. Tanshinol increased the expression of AQP-5 in the lung tissue of rats with sepsis, potentially by inhibiting the expression of inflammatory factors and P38 phosphorylation. However, there are limitations in present study. On the one hand, the sample size of this study is relatively small, which may increase the experimental error. Furthermore, whether tanshinol can be used in clinical treatment of sepsis still requires experimental verification.
